The radiological diagnosis of asbestosis depends on two main factors: the skill and experience of the radiological assessors (however, the more skilful the assessors, the greater the disagreement); the quality of the radiographs (though a radiological diagnosis is not a histological diagnosis).
The questions which the radiologist must ask are: (1) Is pulmonary fibrosis present and, if so, could it be due to asbestosis? (2) Are the pulmonary changes due to a preexisting or coexisting lung disease or occupational hazard? (3) Are the pleural changes due to asbestos exposure? recalling the widespread distribution of pleural plaques. (4) Is the neoplasm of lung or pleura associated with asbestos exposure?
Problems in the pathology of disease caused by asbestos F Whitwell MD rncrath Broadgreen Hospital, Thomas Drive, Liverpool Ll4 3LB My task is to discuss the problems that confront a pathologist who is trying to decide whether or not disease has been caused by asbestos exposure, while carrying out a necropsy, examining specimens for a pneumoconiosis panel, or while trying to reach a decision for a solicitor or insurance company from old reports and histological sections. The final assessment must be based upon the post-mortem findings and histopathology, but often aided by the clinical and occupational notes.
A necropsy on a case of pleural mesothelioma takes three or four times as long as do most coroners' post-mortem examinations, and it is about the most difficult' and strenuous task that a pathologist ever has to perform, because of the rock-hard fixation of the lungs, pericardium, and diaphragm to the tumour and chest wall. It is almost impossible to remove the thoracic 0141-0768 78 120919-04!$0 1.00 '0 o 1978 The Royal Society of Medicine organs without damaging the lungs, making formalin inflation of the lungs very difficult: without such inflation and fixation carried out at the time of necropsy, any assessment of asbestosis becomes less reliable.
I think that inadequacies in some post-mortem reports on cases of mesothelioma reflect the exhaustion of the pathologists after their exertions. In such reports the absence of any mention of pleural plaques may mean that they were not present, that they were not noticed, or that they were not recorded. On the other hand, mention of plaques may mean that they were present, or that the pathologist is calling any extension of tumour on to the pleural surface a plaque.
In many cases of suspected asbestos-induced disease where I have examined histological sections for a solicitor there have been inadequate sections, both in size and numbers, and they are often from an unknown site. The examination of tumour and lungs by pathologists working with pneumoconiosis panels should be a safeguard against inadequate histological sections, but this still requires undamaged properly-fixed and inflated specimens to be available.
The ultimate diagnosis of 300 suspected mesotheliomas submitted by pathologists to the Manchester Pneumoconiosis Medical Panel over a seven year period is shown in Table 1 . The diagnosis of the pathologist performing the necropsy was correct in three-quarters of the cases, the commonest error being caused by lung cancer, particularly alveolar-cell carcinoma and adenocarcinoma. The next commonest error was asbestosis, where the collagenous pleural thickening had been interpreted as mesothelioma. But even bronchiectasis and tuberculous empyema may cause confusion.
Having diagnosed mesothelioma, the next task is to try to decide from the tissues whether the tumour has been caused by asbestos. This was thought to have been so in about 90% of the specimens examined. In about a quarter of the cases the lungs show gross or microscopic asbestosis, though this may be only focal, and seen more clearly in the lung without the tumour. Lung collapse and later fibrosis on the tumour side often make it impossible to recognize asbestosis there.
In about half of the rest of the cases (Table 2) there is an obvious excess of asbestos bodies in the lungs, seen in histological sections or more readily in lung juice preparations made from fresh lung tissue at the time of post-mortem (Whitwell & Rawcliffe 1971) . There may be 100 to 500 asbestos bodies on one prepared slide, even when there is no asbestosis, and such high levels indicate industrial asbestos exposure.
In the rest of the mesothelioma cases, that is about 40%, only occasional asbestos bodies are found in lung sections or smears, and as such numbers of bodies can be found in many adult lungs it is impossible to decide whether their presence indicates industrial exposure. However, the finding of parietal pleural plaques makes one suspect such exposure. The only reliable routine way of assessing previous asbestos exposure is by counting asbestos fibres present in lung tissue, as these fibres remain in the lungs for very many years. This is done by digesting a known weight oflung tissue in a solvent that dissolves the lung tissue but leaves asbestos fibres intact. The fibres in a known volume of the solvent are counted in a counting chamber using phase-contrast microscopy. The method used is that developed by Ashcroft & Heppleston (1973) , but whereas they counted fibres down to a length of 3 urn we only count fibres over 6 urn length, as smaller fibres can be confused with bacteria. The numbers of fibres retained in different parts of the lungs vary, so the base of the more normal lower lobe is always used.
This method has been used with all mesothelioma specimens I have examined for the Manchester Pneumoconiosis Panel since 1972, and the findings in 100 consecutive specimens have been analysed (Whitwell et al. 1977) . As asbestos bodies can be found in many adult lungs where the patients had no suspected occupational disease, 300 adult lungs from patients without suspected occupational disease have also been analysed, to form a control series for comparison with the mesothelioma series. These control lungs were obtained from hospital and coroners' necropsies and from surgical pneumonectomy and lobectomy specimens from the Regional Cardio-Thoracic Centre.
As much as 75 0 0 of the controls but only 1 0 0 of asbestos-induced mesothelioma cases had under 20000 fibres per gram (fibres/g) in the base of a lower lobe. Only 7 0 0 of controls but 83 0 0 of mesothelioma cases had over 100000 fibres/g. In the mesothelioma cases where there was asbestosis the lungs nearly always showed over 3 million fibres/g, and in the eases where asbestos bodies were numerous in sections and smears the lungs usually showed over 300 000 fibres/g. The method was ofgreatest value in assessing lower asbestos exposures where by other methods of examination the lungs would have been accepted as normal.
The mesothelioma patients with the lowest counts were 3 housewives, a farmer, a fireman, a clerk, and a crankshaft fitter. None of them had any history of asbestos exposure, and these 7 cases must represent spontaneous mesotheliomas.
These findings suggest that there is a definite dose-relationship between asbestos inhaled and tumour formation, and do not support the often stated idea that any slight, casual, or brief asbestos exposure may lead to mesothelioma formation.
However, it does not follow that brief exposure is the same as slight exposure. Asbestos fibres are retained in the lungs for very long periods: cases where there had been under I year's exposure 60 years ago retained half a million fibres/g, and cases with 3 months' exposure 30 years ago retained 250 000 fibres g.
Another possible result of asbestos exposure is the formation of parietal collagenous pleural plaques. Usually only calcified plaques are seen by the radiologist, but most plaques are uncalcified and they are commonly found at post-mortem examination. Their presence is often not noted by the pathologist, as they are usually unrelated to the disease present or the cause of death.
In 1976 I recorded all cases with pleural plaques found at necropsy at Broadgreen Hospital, Liverpool. Among 600 adult post-mortem examinations, both hospital and coroners' cases but excluding any pneumoconioses, plaques were found in 17% of males and in 1.6 0 0 of females. No asbestosis or excess asbestos bodies were found in any of these cases, but from the patients' occupations it was clear that most plaques were caused by asbestos. While preparing our asbestos-fibre control series, where the jobs of all patients were noted, pleural plaques were found in 55 0 0 of patients with over 20000 fibres/g. but in only 5.5 0 0 of patients with fewer fibres.
No satisfactory explanation of pleural plaques was found in the patients with no relevant occupational histories and low fibre counts, but there must be rare causes of pleural plaques in this country other than asbestos.
To exclude the diagnosis of asbestosis on histological grounds, at least six sections, each about 3 ern? must be examined, including all lobes and any suspicious areas. The only real distinction between asbestosis and scleroderma, radiation pneumonitis, Hamman-Rich lung, rheumatoid lung, and old sarcoid lesions, is the presence of asbestos bodies. Otherwise there may be the same interstitial fibrosis, honeycomb cyst formation, pleural and subpleural scarring, epithelial hyperplasia, and muscle hypertrophy. Asbestos bodies are only formed from asbestos fibres of over 12 urn, but shorter fibres may cause fibrosis, so fibrosis caused by these shorter fibres is unrecognizable histologically as asbestosis.
Usually workers have inhaled a mixture of fibres of different lengths, including the longer fibres that give rise to asbestos bodies, so their disease is recognizable as asbestosis. But they could inhale only the shorter fibres, if working some distance from the source of the dust, or wearing masks that failed to keep out the shorter fibres. I have seen occasional cases where there has been a long history of asbestos exposure, with lung fibrosis, but no asbestos bodies. I think it may be necessary to use electron-microscopy on such cases before asbestosis can be excluded.
Problemsin law
Cecil Clothier QC Goldsmith Building, Temple, London EC4 Y 7BL
The disease of insidious onset presents special problems for the lawyer concerned in a claim for compensation. These difficulties stem from the long-established basis for civil liability in our law, namely, fault. The idea that no one should be liable to pay damages without fault on his part has shaped a large part of our system of law. It is an idea, however, which has been increasingly eroded in this century not only here but to a greater extent in the United States and on the Continent. Experiences with the escape of nuclear radiation and with adverse drug reactions, and interactions, have done much to hasten the process.
It still remains, however, the guiding principle of the great majority of claims for damages in our Courts that the claimant must show fault on the part of the person he sues. This involves the claimant in proof of three elements: (1) that the person sued (henceforward 'the defendant') owed the claimant a duty to take care for the claimant's safety; (2) that the defendant was in breach of that duty (the essential 'fault'); and (3) that the claimant's damage resulted from that breach. Each of these elements is of equal importance to the claimant's success. Failure to establish anyone results in failure of the claim. It will be helpful to consider each element in turn and, for present purposes, in the context of a case of abestosis or mesothelioma.
Duty ofcare
It may be taken as an absolute rule that employers owe their employees a duty to take reasonable care for their safety. This involves, however, knowledge of potential sources of injury, because it is not reasonable or practicable to guard against unknown dangers. As with countless other toxic substances in industry, awareness of the danger of asbestos has been a progressive process rather than an instantaneous and full insight into the problem. In particular the degree of exposure necessary to induce disease has been ascertained only by a laborious and empirical process of progressively reducing the exposure and awaiting the results, necessarily delayed by the length of the induction period for the disease. Thus employers who thought that their precautions were sufficient at one time have later discovered
